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1. Introduction

In RAN#67, a WID of Multiflow Enhancements for UTRA was agreed [1]. It was proposed to introduce a new Multiflow scenario, four cells on three frequencies (3F-4C). In this contribution, considerations on HS-DPCCH format for multiflow enhancements are provided.
2. Discussions
According to [3], the agreement on 2 3F-4C configurations was made:

Two 3F-4C configurations - “3 serving cells and 1 assisting cell” and “1 serving cell and 3 assisting cells” will be supported for both intra- and inter-Node B cases.
And a suggestion of HS-DPCCH format in [2] for these agreed configurations was proposed in Table 1 and Table 2 (non-MIMO case for example). The considerations of MIMO case are the same as the non-MIMO case.
2.1 3 serving cells and 1 assisting cell
Table 1: The UE is configured with three serving and one assisting serving HS-DSCH cells and no cells are in MIMO mode
	MF case
	Cell activation status
	HS-DPCCH subframe #1
	HS-DPCCH subframe #2

	
	Cell group 1
	CG2
	Slot 0
	Slot 1
	Slot 2
	Slot 0
	Slot 1
	Slot 2

	
	Cell0
	Cell1
	Cell2
	Cell3
	
	
	
	
	
	

	19
	A
	A
	A
	A
	A0&A1
	A2&A3
	CQI0
	CQI1
	A0&A1
	A2&A3
	CQI2
	CQI3

	20
	A
	-
	A
	A
	A0&D
	A2&A3
	CQI0
	CQI0
	A0&D
	A2&A3
	CQI2
	CQI3

	21
	A
	A
	-
	A
	A0&A1
	D&A3
	CQI0
	CQI1
	A0&A1
	D&A3
	CQI0
	CQI3

	22
	A
	-
	-
	A
	A0&D
	D&A3
	CQI0
	CQI0
	A0&D
	D&A3
	CQI0
	CQI3


In this table cell 0 refers to the serving HS-DSCH cell, cell 1 refers to the 1st secondary serving HS-DSCH cell, cell 2 refers to the 2nd secondary serving HS-DSCH cell and cell 3 refers to the assisting serving HS-DSCH cell.
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Figure 1: Joint HS-DPCCH feedback in Table 1
In Table 1, the HARQ-ACKs of cell 0 and cell 1 (Figure 1, cells in blue) are encoded jointly, while cell 2 and cell 3 (Figure 1, cells in yellow) are encoded jointly. Cell 0 and cell 3 shall not be deactivated because they are on the primary carrier. According to Table 1, CQI of cell 0, CQI0, will be repeated when any cell in the same sector is deactivated (MF case 20~22 in Table 1). For MF case 22, the maximum transmission number of CQI0 is 3, exceeding the maximum transmission number of a CQI in 4C. In 4C a cell’s CQI can only be transmitted twice, as can be found in the Appendix excerpted from TS25.212, e.g., case 15. So, such design increases the maximum number of a cell’s CQI transmission.
The benefit of increasing the maximum number of a cell’s CQI transmission would need to be justified. It might be helpful to save UE’s transmit power on CQI0 because the same information is transmitted 3 times. However, as the power offset of CQI transmission is not reduced when Cell1 and Cell2 are deactivated, such benefit can hardly be achieved. On the contrary, this will lead to more power consumption at the UE and higher interference in the uplink, because additional power is consumed by CQI0 after repetition without reducing its power offset. In addition, as cell 0 is assisted serving cell which would in general enjoy a better uplink than the assisting serving cells, the necessity to introduce repetition for CQI0 is not clear. 

Another impact of transmitting CQI0 3 times is for the scheduling implementation. A NodeB would need to use CQI0 after HS-DPCCH subframe #2, after the 3rd CQI0 is received. If CQI0 is only transmitted within HS-DPCCH subframe #1, the NodeB can use CQI0 after HS-DPCCH subframe #1. An additional TTI delay is introduced to CQI0 if CQI0 is transmitted 3 times. As a result, we do not see a motivation to transmit the same CQI0 3 times.
2.2 1 serving cell and 3 assisting cells
Table 2: The UE is configured with one serving and three assisting serving HS-DSCH cells and no cells are in MIMO mode
	MF case
	Cell activation status
	HS-DPCCH subframe #1
	HS-DPCCH subframe #2

	
	CG1
	Cell group 2
	Slot 0
	Slot 1
	Slot 2
	Slot 0
	Slot 1
	Slot 2

	
	Cell0
	Cell1
	Cell2
	Cell3
	
	
	
	
	
	

	23
	A
	A
	A
	A
	A0&A1
	A2&A3
	CQI0
	CQI1
	A0&A1
	A2&A3
	CQI2
	CQI3

	24
	A
	A
	-
	A
	A0&A1
	D&A3
	CQI0
	CQI1
	A0&A1
	D&A3
	CQI1
	CQI3

	25
	A
	A
	A
	-
	A0&A1
	A2&D
	CQI0
	CQI1
	A0&A1
	A2&D
	CQI2
	CQI1

	26
	A
	A
	-
	-
	A0&A1
	D
	CQI0
	CQI1
	A0&A1
	D
	CQI1
	CQI1


In this table cell 0 refers to the serving HS-DSCH cell, cell 1 refers to the assisting serving HS-DSCH cell, cell 2 refers to the 1st assisting secondary HS-DSCH cell and cell 3 refers to the 2nd assisting secondary HS-DSCH cell.
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Figure 2: Joint HS-DPCCH feedback in Table 2
In Table 2, the HARQ-ACKs of cell 0 and cell 1 (Figure 2, cells in blue) are encoded jointly, while cell 2 and cell 3 (Figure 2, cells in yellow) are encoded jointly. Cell 0 and cell 1 shall not be deactivated because they are on the primary carrier. According to Table 2, CQI of cell 1, CQI1, will be repeated when any cell in the same sector is deactivated (MF case 24~26 in Table 2). For MF case 26, the maximum transmission number of CQI1 is 3, exceeding the maximum transmission number of a CQI in 4C. So, similar to Table 1, such design increases the maximum number of a cell’s CQI transmission.

Similar issues for table 1 can be observed by increasing the maximum number of a cell’s CQI transmission. Additional power consumption at the UE would occur, as well as additional uplink interference. In addition, 1 additional TTI delay for CQI1 is introduced.
In summary, we should keep the maximum number of transmission of a cell’s CQI to 2 and all repeated CQI transmissions shall be performed within 1 TTI, which are also the rules that have been used in 4C. One option of HS-DPCCH format satisfying the legacy 4C rules is suggested as follows:
Table 3: The UE is configured with three serving and one assisting serving HS-DSCH cells and no cells are in MIMO mode

	MF case
	Cell activation status
	HS-DPCCH subframe #1
	HS-DPCCH subframe #2

	
	Cell group 1
	CG2
	Slot 0
	Slot 1
	Slot 2
	Slot 0
	Slot 1
	Slot 2

	
	Cell0
	Cell1
	Cell2
	Cell3
	
	
	
	
	
	

	19
	A
	A
	A
	A
	A0&A3
	A1&A2
	CQI0
	CQI3
	A0&A3
	A1&A2
	CQI1
	CQI2

	20
	A
	A
	-
	A
	A0&A3
	A1&D
	CQI0
	CQI3
	A0&A3
	A1&D
	CQI1
	CQI1

	21
	A
	-
	A
	A
	A0&A3
	D&A2
	CQI0
	CQI3
	A0&A3
	D&A2
	CQI2
	CQI2

	22
	A
	-
	-
	A
	A0&A3
	D&D
	CQI0
	CQI3
	A0&A3
	D&D
	DTX
	DTX


In this table cell 0 refers to the serving HS-DSCH cell, cell 1 refers to the 1st secondary serving HS-DSCH cell, cell 2 refers to the 2nd secondary serving HS-DSCH cell and cell 3 refers to the assisting serving HS-DSCH cell.
Table 4: The UE is configured with one serving and three assisting serving HS-DSCH cells and no cells are in MIMO mode

	MF case
	Cell activation status
	HS-DPCCH subframe #1
	HS-DPCCH subframe #2

	
	CG 1
	Cell group 2
	Slot 0
	Slot 1
	Slot 2
	Slot 0
	Slot 1
	Slot 2

	
	Cell0
	Cell1
	Cell2
	Cell3
	
	
	
	
	
	

	23
	A
	A
	A
	A
	A0&A1
	A2&A3
	CQI0
	CQI1
	A0&A1
	A2&A3
	CQI2
	CQI3

	24
	A
	A
	A
	-
	A0&A1
	A2&D
	CQI0
	CQI1
	A0&A1
	A2&D
	CQI2
	CQI2

	25
	A
	A
	-
	A
	A0&A1
	D&A3
	CQI0
	CQI1
	A0&A1
	D&A3
	CQI3
	CQI3

	26
	A
	A
	-
	-
	A0&A1
	D&D
	CQI0
	CQI1
	A0&A1
	D&D
	DTX
	DTX


In this table cell 0 refers to the serving HS-DSCH cell, cell 1 refers to the assisting serving HS-DSCH cell, cell 2 refers to the1st secondary serving HS-DSCH cell and cell 3 refers to the 2nd secondary serving HS-DSCH cell.
As a result, the above design well fits the legacy rules that have been used for 4C, and no additional CQI delay is introduced. We propose:

Proposal 1: Reuse the maximum CQI or PCI/CQI transmission number in 4C.
Proposal 2: Reuse the rule in 4C that repeated CQI shall be transmitted within 1 TTI.
3. Conclusion
In this contribution, considerations on HS-DPCCH format are provided. We propose to keep the maximum number of transmission of a cell’s CQI or PCI/CQI to 2, which is the same as in 4C. In addition, no additional CQI delay should be introduced in the design. 
It is proposed:
Proposal 1: Reuse the maximum CQI or PCI/CQI transmission number in 4C.
Proposal 2: Reuse the rule in 4C that repeated CQI shall be transmitted within 1 TTI.
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Appendix
Table 15C.4: The CQI and PCI/CQI report mapping scenarios when Secondary_Cell_Enabled is less than 4

	Case
	Secondary_
Cell_
Enabled
	MIMO configured in any cell
	HS-DPCCH slot format
	Secondary_
Cell_
Active
	1st CQI or PCI/CQI report
	2nd CQI or PCI/CQI report

	
	CQI or 
PCI/CQI Type A/B
	CQI or 
PCI/CQI Type A/B

	1
	0
	No
	0
	0
	CQI
	Not applicable

	2
	
	Yes
	0
	0
	PCI/CQI
	Not applicable

	3
	1

Note 2


	No
	0
	1
	CQI0 & CQI1
Note 5
	Not applicable

	4
	
	
	
	0
	CQI0
	Not applicable

	5
	
	Yes
Note 1
	0
	1
	PCI/CQI0
	PCI/CQI1

	6
	
	
	
	0
	PCI/CQI0
	DTX

	7
	2

Note 2
	No
	0
	2
	CQI0
	CQI1 & CQI2
Note 5

	8
	
	
	
	1
	CQI0
	CQIn
Note 4

	9
	
	
	
	0
	CQI0
	DTX

	
	CQI 1 or PCI/CQI 1 Type A/B
	CQI 2 or PCI/CQI 2
Type A/B
	CQI 1 or PCI/CQI 1
Type A/B
	CQI 2 or PCI/CQI 2
Type A/B

	10
	2

Note 2
	Yes
Note 1
	1
	2
	PCI/CQI0
	PCI/CQI2
	PCI/CQI1
	DTX

	11
	
	
	
	1
	PCI/CQI0
	PCI/CQI0
	PCI/CQIn
Note 4
	PCI/CQIn
Note 4

	12
	
	
	
	0
	PCI/CQI0
	PCI/CQI0
	DTX

	13
	3

Note 2
	No
	1
	3
	CQI0
	CQI2
	CQI1
	CQI3

	14
	
	
	
	2
	CQI0

	CQI2
Note 3
	CQI1
Note 3
	CQI3
Note 3

	15
	
	
	
	1
	CQI0
	CQI0
	CQIn
Note 4
	CQIn
Note 4

	16
	
	
	
	0
	CQI0
	CQI0
	DTX

	17
	
	Yes
Note 1
	1
	3
	PCI/CQI0
	PCI/CQI2
	PCI/CQI1
	PCI/CQI3

	18
	
	
	
	2
	PCI/CQI0

	PCI/CQI2
Note 3
	PCI/CQI1
Note 3
	PCI/CQI3
Note 3

	19
	
	
	
	1
	PCI/CQI0
	PCI/CQI0
	PCI/CQIn
Note 4
	PCI/CQIn
Note 4

	20
	
	
	
	0
	PCI/CQI0
	PCI/CQI0
	DTX


Note 1:
If the UE is configured in MIMO mode in at least one cell, but not in all cells, a CQI value is reported instead of PCI/CQI value for the non-MIMO cell(s).

Note 2:
The CQI0 and PCI/CQI0 refer to the serving HS-DSCH cell’s CQI and PCI/CQI reports respectively, the CQIn and PCI/CQIn refer to the nth secondary serving HS-DSCH cell’s reports.

Note 3:
The deactivated secondary cell’s CQI or PCI/CQI is not transmitted (DTX’d).

Note 4:
The CQI or the PCI/CQI of the single active secondary cell is transmitted.

Note 5:
The two CQI values are jointly encoded.
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